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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a Montgomery 
division device capable of obtaining a divided result in 
a Montgomery arithmetic area at a high speed. 

SOLUTION: This Montgomery division device 200 for 
obtaining the divided result Y in the Montgomery 
arithmetic area to be Y=BA (-1).2 n mod N for the 
integer (n) of (n) s L when a bit length at the time of 
binarily expressing N is defined as L for a positive 
integer N, the positive integer A (0^A<N and A and N are 
mutually prime) and the positive integer B is provided 
with a Montgomery inverse element calculation part 201 
for inputting the integer A and a modulus N and 
obtaining an inverse element X=A (-1)2 (2n) mod N and a 
Montgomery multiplication part 202 for inputting the 
obtained inverse element X, the modulus N and the B and 
obtaining the divided result Y=B.X2 (-n) mod N. 
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(57) imm 
■set. 

IBDg£&N« JEO^IfcA (0 £A<N. 
AiN«SlHC«) . lEWSSiStBtCOOT. N£2«SI 

Ml/"C. Y=B • A * (- 1 ) • 2 * n mod N& 

iI8S-C*^t. ^A<t^N4A*il.Tj£7nX = 
A* (-1) -2* (2n) mod N£#«>£*> 
=fy yayaWWi. #&6;ft/c2!jcX£&N<iB€:A 
^tGri^#iS*Y = B • X • 2 " (~n) mod 



X- CA" 1 ) R 2 (mo<lp) 



X BR " 1 (mod p) 



20i 



202 ^>=f> ymsas 



Y-B-(A" 1 )-R{modp) 



(2) 

1 

[tS^l] IE©f££StA (O^A<N. A 

£N{i5(,>«Og) . iE©$g£fcBfC-Pl,>T. N£2ilgig? 

0"C, Y= B • A" 1 • 2" mod N&-5*>=0< 'J 

^A<tSN^A*i:UTa»7CX = A- 1 • 2'" mod 

^*6*1^7cXiSNiB*A*<tb-C^#^*Y= 10 
B-X-2" mo dN*#ib?>*:>3si 

^IS(A^:aN*A*<i:L■C*Pa*SSC = A- , • 2" m 
od Ni^^-^k (L£ks£2L> =Sr#46SiM7C 

p>nfc*pa^sc t ^ - 5? k tmn * xts t l 

rjS»7EX = C • 2'-'mod N£#«>Sjft7C«HE*© 

i. & wr * c i twm t -tzmm 1 tct24x©*> zsm 

[ff^3 ] JEOmSLN. IE©$ggtA (0£A<N> A 
iNfiSOfc^) , jE©S$£Btc-2l>t\ N£2il*5! 
l/fcttfCOK-y hS5rL£U-C. n£Lft£gSScn{c*t 
U"C W Y= B - A" 1 • 2" mod N 'J 

Sl^r©^#MmY**ae).5*>2V y^fftig-e^ 

^AiSN^A^Jib-C^KDW^mC^A- 1 • 2 
' mod NiA7^-^k (L^k^2L) 

2©tfJR,m&D = B • C • 2"" mod N£5fci*&* 
i^NiAAi LTimY= D • Z'-'mo d N 

imam*: jEommmi. jecdss&a <o^a<n. 

f-/hg4Ltir. n^L&SlSlnK^lT. X= 40 
A" 1 * 2" mod N#-5*>=M VWi&MT<DM7t 

SIiStA^8N£A#tl✓Tct■P.g*§^flC = A- , -2' m 
od NiA5y-*k (L^k^2L> *3Jc*-Sj£5S 

?.hfc*P«SC i/t -5 S - # k £ftN £ A* t L 
r iS*7cX = C- 2'"-'mod N &mtb Z&tz ffiiE^St 

<fc, 50 
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2 OOL-y^ * ©(*}£©»□»$ fcW®»Sr?f ^Jto^H 
<t. 

8!ii:-r5i*^4{Cia«©*>rfy UiSTCit^g. 
Ci»*Ti6 ] iE©^MfKN» iE©$l&A <0*A<N. 
AtmtK^cm) Ko^-C. N£2ii«3tL>/c<»:£© 
b&SrLiU-t. n^LKZmknlCttLX. X = 
A" 1 • 2" mod N%S*>=?y VffinMV<Dffiv 

^«!SI=S:23i^K:-CU = N > V = A. T=0> S = 
1. k=0<bU 

U©^T&t-^ h*S0&e>«. U4Si/7H, S££ 
•>7hL. k=&lliJ)0f *<t£<MC VCDtTfitt!- h 
#0fc6tf. V^fi^H, T*£i/7hU k* 1 

U©&T{4t^ f-*U*>oV©&T{ifc^ U 
>Vfc?>«. U#>£V£jgC. Uttis-? hU TKS 
£SDx. S^£i/7hU k?r lii»D-T5MSIi. 
U©&T{4K 7 h*5 1 *^V©«:T{at > hifi 1 1? % U 

m^hu k£iwr3iaj3*>€>fc3 
-a©A-^*Hi*. v>o©p«g. atoiiu 

V = 0 5C& -o tc.m£. T ^ N ft 6 «T^6 N D/c?£ 
N*>6T£$cD/dB*T<!:k. T<N&5{£N*>6 
T D /cfil* T <t T €> &7cit#fMS i . 

T5N^6»T*i5N5:«Dr i fclifflllU T< 
i=&lifttl-reJl'-7*5iiS=Sr. i<2n-k© 

Pel mymo. 

i = 2 n - k ft ft o i $ ©T ZMtvX ± t Z M5tMlE 

m. 

wmimt bx A*^g§ v ^ ^ <b . 
jpOT&tsasi o nz t uy^ * i . 

tZMIKSli l/t 1 *i|S5EStl^ S U5>**£, 
«3««ISiL-C035«i9:3E3tlSkU^^A, 

x^©s^-7 teio's us?^*©£s^7 h©5feJi 

UU^^^6VUi?^^©f*3^®G-5©S. Vlsi? 
^^^6UUJ>X^©rt^?:?^i;S*ttS. TU^3»«C 
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£fln«ft®£. 

*;fe£***lJ»rTS*iJ3EiS£, 

*ek» bs/? hit. MGJimafe£cfflr£f(l£&* 

WWr*W»»*»itfcC -riBISOJie ICE 

isnmmsi iE<m&N. i£<vm.h (o^a<n. a 

&N«SC>CC5R) . JE©g&BCCOlvc. N&2jt£t5i 
Ufc£S©trj> hS£L£t,T. n^L&SlgiSrnfc:** 
t/C. Y= B • A" 1 • 2" mod N«t4*>^y 

^A^:afeN?rX^3ib-CS!7cX = A- , • 2" mod 

^6ftfc«rcX±ttN&B*AAiUTI*JUS»Y = 
B-X-2-" modN§*ft^2©^7-^i*W 20 

S»AtSN*A^tOrcfJH*S^C = A- 1 • 2' m 
od NtJ<7^-^k (L£k£2L) 
#&6*ifctttl8*£SC - £ k ££N £A#£ L 

•Cj£7cX = C • 2"-'mo d N***S fc©-e£>£>C 

Clf*ai 0] iE©S»N. JECD^A (0^A<N. 
AtNBSlHC^) . iECDH&BtCOO-C. N£2ilSl 
3SiLfc£#©fcr-y hg£L£L,-C. n2Lft«ffiKn«C 30 
*tbT. Y = B • A" 1 • 2" mod N 

y*jwr<o»wiaBY*«a&**>=f^ ywrnxmc 

^Ai^N-&A*4l/T^l©4'raM*C=A- 1 • 2 
' mod Nt'UM-Zk (L£'k£2 L) 

com i ©*■? ^ y'ic «t 9 e>ftfcsr 1 ©twa*s*c 

£&N£B£A#£l/Tlfi2©™smD=B • C • 2 
-" mod N&3fc«&S?£2©X7^:? , £> 
C©I82 ©*?•?:/££ 9 *»£ftfcfS2©£mJSlflD 40 
tmSBSB KOXTv -f&J: <0^fyP>titc^^jt - Z k £ 
£N«AA£1''C|*1MS&Y=D • Z"'* mod N 

zmikzm soar* yt *wts c £ ^Mttot 

[M&91 1 1 iE©«ffl»N. 2E©H&A (0^A< 
N. AtNim^tcm) «C-3C»r. N£2jt*3!Ofc£ 
?OC5 hg=fcL£L-C. n£L&*SSSKn«C*H,-C. 
X = A- J • 2" mod Nfc**>:*rfy»flU*C© 

^A££N£A#£LT*Rg;gi?IC = A- 1 • 2 k m 50 
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od Ni^y-^k (L^k^2L) 4**. 
jRa^ftft:* MSgC £st?y - » k £&N £A#£ L 
r«7cX = C • 2'"-"mo d N**SbSC4%^aii 

[fit#0i 1 2 ] iEOMBKN. iE©««A < 0 ^ A< 
N. A£NSiSt,»te3fc) CCOUT, N*2jt^Lfci 
£©£•? f-g£L£t,-C n SL&Sg&ntCJttT. 
X = A 1 -2'" mod Nft&%>=f^yaOWCO 

*J»tttt*2aa8KCTU = N. V = A. T = 0> S = 
1. k=0£b. 

k£ltgjOT-*££*>lc. V<D*Tffi£?>> 
**0&6«. Vtfi!/7H/, T££S"7h(/. k£ 1 

.u©«T{at» h# v©ftTfitf haui?. u 

>Vfc6« v Uj&>S>V*«C. U4«^H. TKS 

U©&Tft tf ? h# 1 *>oVOtTfie -^*il-C, U 
£V!tc&«. V*>6U4«C, V**J/?H/, SfCT 

Hl©;i/->rMffl4. V>o<om> «Dab. 
V=0{CJSofc«£. TaNft6»T*>6N4*i;fca 
«c, N*>6T£&t;ft:ffi*T4U T<Nfte>tfN*>6 
T^DfcfiSJ&Ti-rS^l©^^^. 
S»8t«K£i = 0£U 

BUfa^l©^r-i-7*K:«t«J#i!i)6nfcT*£->7 f-bfc 
T^N«:6(*T*>6N*«D-C i«lifftiU T< 
Nft&i* i*lflttirJ"**-^*HH«r. i<2n-k© 
IB. I»ai/. 

i = 2n-k5Cfco;te£#©T?:jl5cX£-rS!fl2©* 
[000 1] 

tr-en?- *a«<c*i.w*-5r- * ©nt-sf {fc^jiftfi^-© 
Mncnn shismtt £ z $m.v>mk*m tr s 

^teS©HI'JSf[#«:ia»JigC*J«^-SA!HS©y!i*©*^ 
[0002] 

[fie*©K'*] msmrn* ? b y-i>s>&mwsx?j* 

[0003] ARflm-Ctt. ^(Sg©«S&*S£-r 



(4) 

5 

WZ*3-Z.Z>. £{gfi©«g?&*&<bTra0flJi£g©*-C 

( 1 ) P. L.Mont gome 
r y , "Modu 1 armu I t i p 1 i cat i on 
without trial division". 
Math. of Comp. . Vol. 44. No. 
17 0. pp. 519-521 (1 985) «C#tA». 
[ 0 0 0 4 ] * > =f> V J¥& tt£^©SfckSIIjjt£3M§ 10 
S^©2@fiSO^a«t?tt^S^-C*S. £-[gfi 

>=JV')iRj(U&©7G (cn^HD*j^-c*s) ©SSI* 
r^rfyXA-c^f). -j®©*j&*r©3t#£-r&tc 

Lfc*ior, RSA (Rivest-Sham 
i r-Ad 1 eman) Hf ^ffc < ©£H*tBf#r 
p^■rcD'<=1r^J^^||#c=m• mod N& 

^-©«#$3¥£ t-cv»*fc«6. c©*>=jv v&m&m 
[0005] ic^-c. jfi¥, SrU>it-^:£5$ani*Sf 

©#-C&B**»rt».5. Ctllt. «Rffi«§LL©gti5!*f 
&r4S# RSA BfMt©^- * £ 35c o r I > S-&J?5E»©JRH 

[0006] C c-c. t!Rft^Bg^©»^vi»CC-oii-r 

[0 00 7 ] *rPEffcFp (fc/cU p>3) «CteUT. 
E (a, b)/Fp : y" = x J + ax+b mod 
P 

fc/cl. 0£a. b<p%«SEft. 4a 5 + 27 b' * 40 

o mod p-cfcm2tiz&m*?;m#F p±<otm 
&mt\.y*>. «Rii±©*tB. iztemtc* (x. 

y) ©ffl (fc/cU 0^x. y<p&SS£iSt) (CMEii 

[0008] ft m&&±<D$mTFtCfn?taMl'tffll'-C 
W*«rr. flFPliBiflLk0j£P s (x, . y« ) . Q- 

(x, . y, ) omW&ZS (x, , y, ) t-rzt. 
•Xfr&^lcUZ. fc/£0. -P= (x, . -y, ) -C$> 

50 
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[0 00 9] ( 1 ) Q*S#fir7EOOt#. 
S=P+Q=Q+P=P 

(2) Q=-P©<fci*. 
S=P+Q=Q+P=0 

(3) P*Q©£S <^cl/±IB (1) (2)feW). 
x, = (y 2 -y, ) 1 / (x, -x, ) 2 -x, -x 
, mod p 

yj = (y» -yi ) (x, -x, ) / (x, -x, ) 
-y, mod p 

(4) P = Q©<h£. 

• y, ^0©tft^ 

x, = (3x, ' +a)'/(2y, )' -2x, m 
o d p 

y, = (3x, ' +a) (x, -x, )/(2y. )- 
y, mod p 

• y, = 0©lg£- 

s = o 

S/c. ffRfffiiii±©.£P = (x, . y, ) ©e (B9K) 

femmz±Mm&<Dm 9 ii t, £ i, -c^©* 5 icmm s n 

eP = P + P + -+P (P*e|5lJjng-r5) 
fcfc"L. e<0©i§£«. (-P) £ (-e) fgrTS 
< (-e) «IET$>5) . e = 0©itKB0P=Ot 

[0010] ttFHftMW-Cli. C©» R*i^i:©*© 

tf. ffRE IGama 1 Bg-Sf. ffiRElGama IS 
«. IfRDH^i'Kfet+^^S©^^^^^^* 

[0011] IfcAiot. RSABf^*s*J^Si^S* 

[o o 1 2 ] sr. fmwm^<D*5K.m$mwtfi& 
<D'j*>mm<Dm&m.m*> $m. < 1 ) ©*>=r> us» 

[0013] W^©«M7ctt#<!;»J^^«t© 

;u=f XA»-f <t'iffil-c« ?c ^. J; «9 ?S2tt mt<D 
Hi. ji^-e*8^snfcitS[ft*i. WitiaaaK (2) Ka 

liski.B. S. Jr.. "The Montgo 
mery invers and its appli 
cation". IEEE Tr. Comp. . Vo 
1. 44. No. 8. pp. 1 064- 1 0 65. (A 
ug. 1 9 9 5 ) (CjnS*xT(,»S. 
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[0014] L,*>L-fc#P>. ffi&OXM. ( 1 ) 0*>3 

svfmtitM. (2) oym&jk-evmnvmmkmi* 

fctNCJWf bfcttntffcer. a— v v FA*** < 

[0 0 1 5 ] >=ry uat*«-c»i4i 

&< 3|a&57JWJ XABflc* ofc. 

[0 0 1 6] C<D£9fc. *J^»€:iffaftr«C<!:« 
B*ir**t<,0 io 

[0017] Lfcii^t. «Rft^Bf#©J: 5{CS*S 

ttMowKiOf tr a c t \mm-c &> s 1 1> 9 ma 

[00 18] 

[»W*5»»U<fc5<fr*HJS] SLkSHHLfcJcSR:. 
&H8Bt#©2^*T'*£*fcSSS-C©fll*4l& 

[0019] ##£BJ«. ±B*frfc**L"Cft3*lfcfc 
©r\ U«»Jgtr©j!*7c4iSSfC**5Ci© 

'J RMI3$B&tf$£«ttft-f & C & * B W 4 T 4 . 
[0020] 

[ *IBW (M*B1 ) 

iE©SI»N % iE©g&A (0^A<N. AiNBI^K 
M) . iE©HI5:B{Cot,»-c, N£2iiaijll,*:4£©K 30 
» H4Libr. n^L%5SSnKiitl-C, Y=B 

• A" 1 • 2" mod N%-5€:>^ 'J igpH£T ©Bfc 
ISM3I1IY 'Jiggtr^-jt. g&A 

<!:£N£A#<fcl/-C327cX = A- , • 2 ,n mod N£ 
3fci6£*>rf^ iJi£5Effl§E#©4. 3?»e.*x/c3t5cXi 
ftN4B£A#4bTI&g&:£Y=B -X • 2'" mo 

[002 1 ] #2£BJ3 (lfc&H2 ) «. IftJ&S 1 «tia*S© 
•=&>nVJ^SLgg{<:feC^-C. fjlH*>n*^ Uj£5cW» 40 
fMS«. !B&A4i£N£A#4UTW a W£^C = A-* • 
2'mod N4/*-7^-Sk (L^k^2L) 

k<tffiN*A^74Lrjt7cX=C • 2'"-" modNi 

?m s iMTcffliE^s 4 % w-r * c t zmi t?z>. 
[0022] ammz ) «. iE©ss$fcN . e© 

MtfcA (0£A<N. AiNttUXCf) . iE©S»B 
<COt,»-C. N£2jI*3gOrt:4t©l^ Ffi£L4l. 
r. nkLfrSil&ntcStLT. Y=B-A- 1 -2" 
mod N%S*>rf^i;«fflSr©^»:iK«Y*3j<s!) so 
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£*>:J^y|$l£££g-e&- 5 -C > HifcA4£N£A*l4 
L-cmi(D$>®mmC = A- 1 • 2 k mod Ni^? 
^-£k (LSk^2L) ZmubZMTcSfW^&t. Jfc 
ibhtxtcm 1 ©W^IS^C 4?£N tB^AA 4 LT3&2 
©4>BIite*D = B • C • 2- mod N£*«>S*> 

6tlfcA7 > - jr k 4 ffiN £A2> 4 O-CSMMS* Y = D 
•2 J "-'mod NS^$Mjn*tiE*R£ C 
44ft»i-r*. 

[0023] <ilt#g4 ) ». iEiCWMHSN. IE 

©g&A (0gA<N. A4NttSl>CC3&) fcolvc. 
N*2il»J3Lfc4#©fcri; hg^LiU, niLft 
•SfStintcStO-C X = A"* • 2" mod NftS* 

us#ji?-c©jM7cx***-5*>3v vmmn 

4ait?*or. B9KA 4£N*A*4 IT*MSC = 
A" 1 • 2* mod Nt^vjt-Hk (LSkS2 

D %**4ffi7ate#©4. ^«66iafcttirasmc4 

^■7^-£k4&N£A274U-CjE7GX = C • 2'""' 
mod N**ASa»7c1«iE^4*ffl^.yi:t4*!HfSt 

[0024] ##£38 (8*3*815 ) «. IS^Jl 4 «CiBtS© 

trr*a&©i^x*4, ffi&uzsxzttZK.iz&K. 

h-TStfi- F'>7 2o©lxi?^3?©rtg© 

J^*fcu^£fT9lnKlts&. 2o©u*?x*©rt 
SoA/htblSfci^uyxafrtSu©^©!:?; hfig© 

ffi©«5££ff 9 fJSg 4 * ffll > r BUteiM7cSf »SP*J «fc u 

[0025] #f6"8 imtm6 ) «. IEO*nRN. IE 
©^KA (0^A<N, A4N«2l>CC^) (COt,ir. 
N?r2ji^l/fc4#©K^ hg4L4LT, n^L^c 
•S^ntcMbr. X = A-' • 2 ,n mod N&S* 

>=f^ yssi^-ccjMTcx^a&s^e^^ ya»7ctt# 

^g-e&-5"C. $MfcS§&23t^EK:-CU=N. V = 
A. T=0. S=l. k=04U UCiTtt^vFAS 
0^£65i. U^7H> S*£i/7H ( kfclif 
ttJ-rS44^{C. VOtTtt? h*i0^e>«. V?rtr 
->7hU T4£->7H,, k*lifftI-r-5S!ia4. U 
©^Ti4t v hifil *»OV©«T{atff F* s 1 -C. U> 
V^c^tf, U^P>V€r«t;. U*fi^7H, T(CS€r 
MA. S4S->7hU k*lii*n-r-55!iS4. U©^: 

A, TSS^hU k£ lJ^M-r •Stolid P. 
OJI/-7M1?:. V>0©ra. ilOilL. V = 0tCfj:o 

iiOfciatrTil/. T<N)&:P>«N^e>T?rSEGfcfii 
4T4-r4i»7clf»#|84. ttWtK/?g£ i = OiU W 
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T^N&fetfT**&N«r*Cr i *l»ttlb. T<Nfc 
^ti^lWJQT^>)l-y'!H}M^. i<2n-k<DRIL 
m*)ML, i = 2n-kfCttofc±*©T*at5cXt'r 

[0026] #2£Hj§ (ff*^7 ) 1**^16 Ktm<D 

x^oSTtttr^ h#o~c*£j&>5*\ Vl/^^0« 20 

OTEtT* h2/7 h». wieJraM 

[0027] *JNH (IS*Ja8 ) », iEOffiRN . IE<D 
Sa»A (0^A<N, A£N«Et>K:jft) . JEO^CB 
fCWC, N*2®«3ROfc£#<Dtf? hS*LiO 
■C. n^L«c*ffl»n«:»l/-C. Y=B-A- 1 -2" 
mod N&4*>=f^y«*«t?OI»IWI?*Y«:*«> 30 
^>3V'Ji|L^ft^, S£|fcA<!:&N£A#<t 
L/rig7EX = A- 1 • 2 2B mod N£5jc#>&3l 1 CDX 
Tv?t % #»6titea!7EXiffiNiBftA*il/ri» 
»tt*Y=B • X • 2-" mod N£3£#>£lfr2 CD* 

[0028] *ah <n«399 ) »*a 8 ectatgo 
mkAt&NZKhtiyXtpmmmc^A-* • z* m 

odNi^^-^k (L'£k£2L) 
n^*M3B*Ci^^--*k<!;SN«:A*ibra?7n 40 
X=C-2 1 --* mod N**»SfeOt*SCtS 

[0029] *9m l 0 ) B. iEOSa»N, IE 

(DglfcA (0^A<N, AiN»EC*CC*) , iEOfiE» 

X. n*LttMBRnfc»LT. Y=B-A- l -2" 
mod Ntt**>:*-rf y«»«tr©»IIIS*Y<:*«6 
^>^>r/^ y^Sr*-?t k SB»A4ffiN«:A*i 
L"CS1CD*F^^C = A- 1 • 2 k mod Ni^5 
y-*k (L^k£2L) *#»S#ia>*^?^ 50 
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C(DM I <DX?~ v -7lcJ:*)$t&>t>titcm 1 <30*BMS*C 
iffiNiB*A*4br»2©*BBtt*D=B • C • 2 
" n mod N*3<tbZ>m2<DX7'vrf±. C<Dm2<D 
X? v 7*fc:<fc 0 $J()6n/c^ 2 ©*PdWS«D & HM2SS 1 

£brgft»<SftY=D - 2'"-* mod N£3fc*6£fff 

[0030] (IS*^ 11)1*. IE<Dm&%LN, 

iEOSSRA (0^A<N, A&NBS^CCSR) lcoo> 

L&SS»n«cj*Lr. X^A- 1 • 2 2n mod N«c 

y«»«r©a!7cx y*sc 

tt#^a*c^or. K»A±ffiN*A#£LT4iHBS* 
C = A- J • 2 k mod "NfcX^y— *k (LSkS 
2L) *i66nfc*IHtt*Ci/^y-*ki 

[003 1 ] (SfcRH 12)8. lEOfflBBRN, 

iE©lS»A (0^A<N, A£Nfc*ElHC*) (co^ 
•C, N*2JIS3|iUfc£*©tf * hfi£L«fcl/t\ 
L&S»»necStLr, X = A" a • 2 In mod NSc 

s*>:^ y mwmx<DM7tx z^y^j vmtc 
tmrnxg>-*x* tnJta««*2ja«atcTU=N. v 

= A V T=0, S=l, k = 0iU UO«Ttttr^h. 
*50fe6« % U4S^H v S^>7H t k£l 

fit/7 hU T4£V7hU k^rlifijn-r^^ffli. 

>Vtc6K, U3^6>V*«0, U**J/7H % TCtS 
£Jjnx, S*£J/7hL k* littlP-rSiaffii. u<d 
STffifcTv F#l*oVO*Ttt^9 h*H*C* U^V 

x., Tt3£S/7hU k*l*»r-5«ffll*>6tt&-» 
©;U-:/«yi*. V>0CDra, IHOJiU V = 0Cc^co 
fcig^, T^N«C&»T^6»N*»Cftiaec, N^e>T 
Sr«Dfcffl*TiL, T<Ntt&«N3*»6T*«Cfc« 
*Tif4*l<DX^^yi, tomtAKi = 0tU 
«K»l©x^y^fcJ:»)*«&6tift:T*aEV7 Hfc 
tt. "TiNftfetfT^eN^JjECr i*l*Wni/, T< 
Nttfetf i*l«IP*r*^-^il8ffl*. i<2n-k© 
ISOilU i =2n-kCC&ofci:*<DT*2?7cX 

[003 2] *^BJCcj;ti«, *>rfy>;iSllPS<o** 
r > y ^TEl+^^tT^ ^ * > =fy y StcH-^S 
t*>=f-^ yaw#«*»c»&fc», *>=fyyj«wfi 
©7c?:A*iur. *>=ryyaiJWfrcDBMHS**« 
j8*»*ci*«r*s. cams*. *>=r>ya»«i 

es6. *>=f^yw«troi^^j«a8c*3«'C#*. 
[0033] *«w(c<tn«. *>=f^y»w« 
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[0034] £ ifc. *^BJKJ;nt3:> U ?HSf^ 

-e©j£7cf+ll#£-te:6 * ©ftMKt4 tf v Y */v Y 

m<DZ%h~ci> mv&m!m&*m t a * . s & «c . 

[0 035] LfctfoT. «Rft^B§#fc SKIM 
^ t?©^» 4 K3§t*^tf?3H©3it <5 il S*S 
»i-rSBf-^CC*stir. ±(*4 t,T©J&aB#R3£iSj£{t 

-r-2>c4#-ct£. 

[0036] fcfc. ^C^-2>*^»^ftK^^«B^ 

[0 03 7] ^a$/c«^CC^S^?B(3:. => 
> f » - * ic3^ (Cffl^T *ff S # Z> fc» 

U-C&tg;*#£)fc«>©. *4U«3>f*-${caS^ 

^u?c=i >t> - if bhkq Bltgaieis«» 4 or i>Jfc£ 
r*. 

[0 03 8] 

[&BJ3©SUS©1£!S&] fcTF. 0ffi£#MLfc#62£HJl© 

[0039] teis. fcrrcw:, m&s. uK^rs . 

mod u«. sZu-cm^tctZ<Dm&*ikTi><Ot 

-rs. bo 
[0040] H(raii/fc«fc^{c^&>nv ysnf«-e©m» 

Ct&tbZ. l>1)*V. RSABf#©J;5K:B§#[b • 

3e©Is1S^ «5 ig^ C 4-CBf #T^=f »J XA*s«|^S 
hS. tC6&. *>nV;M»iS-C©^ff-?>3?7cH-» 40 

iL-c«^$s<si^-ct.st©*ia<. ttRASiore 
fiS$nst©(c-p^r«*>d'y ygi^^Mi/fc® 

g©£mt#H»-c;feo/c. 

[004 1] *«6JB.H{C#-6^#^g. iS?7C«-^ttS 
It. Ztl?tl*>3SVffin®-C<»%l&&M. jE7cff-» 

[0042] SWK . ji^©»^Zp (ptffiitS 

«bfe***-r> 4*>=f> ij^Jst©M^*j<fcy ; *> so 
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[0 04 3] 01 2K, Uill^iSiJ^Zp 
©2o(D«85tm©r B 1(C*>W^. £JKUL 7C. j£tc. *>«fc 

can*, mm. vmvmmm&oMmz™?. 

[0 044] fcfc. S©fBp»S^-C*S*s, 

pKtt*Rfc/li<,»se£ai£i». 

[0045]fI*IZpt©7n*ait3«!:f l *hfc 
fctlfrT 3*>=fX ';iS»^©3nA{C{S. 
A = a • R mod p 

[0 04 6]—*. -=e>^ 'JSI^©7CA*>P>*^ 
Zp©7ca-^©3!^«. 
a = A • R" 1 mod p 

[0 04 7] CCX\ R»*>3VJiSS«*5£H'rS 

( i ) R£&p tiZm>lt»-C$>Z>C£ 
(ii) R>p 

[004 8 ] — fl$JCR«2©"<#Sg (R=2 n ) it. 
» h$c£L4l.fci«£«C. n^L^pfcU >7-Fg© 

[00491013 (a)(C. p=23. R=Z' <n 
= 5)4 Vtcm-&<DM&&Z p ©jca 4*>=0< VWig- 

©Hg^gsre&mrs p mmic^tm^^b 
[ o o 5 o ] vm&m-coi&n&m^mTffin 

mW-Cte. R=2" «:ffll,>-&fc©4-rS. 

[oo5i] *^=fy y si@iisr©M7cit*40 

mmmz* *J^Zp©7caK:3tbA = a • R mod 
r. Si 2©J:5(cS8Tt5. 

[0052] *t, ^^s'jm&mcDtoniszvtm 

A+ B mod p 
A- B mod p 

[ o o 5 3 ] ^ic. *>=fj« vmBiz. 

A • B • R"* mod p 

[0054] te©*>=f> vmw-mv<ommz^>^y 

'JiSABR' 1 mod P ?r«>4{c-rS4JWT©J;^ 
©ic^a^txS. 

[0 05 5] A©jS»tcXW. A4X«r^- : tSm»4b 
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(tctcL. A 1 
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20 



r©*tiSn£ft4R«S*£ LTi*x.&<i: 5 ft<I<fcft 
A • X= R 2 mod p 

[0 05 6] Ltc&^x:. *>:*y ya»«W>ffi*p 
X = A~ 1 -R* mod p 

tt. A*A<bSpCC*fL-C. X = A -1 • R 2 mod 

[0 0 5 8] WK&CUr. S;£p 

Y=B - A" 1 • R mod p 
= B • A 1 • R- 1 mod p 

[0059] suirr «440^«RK«&i^fitta:. a 

B<t&plc*fUT v B • A 1 • R mod p£ 

[0060]@13 (b)CC. p = 23, R = 2 5 (n 
= 5) <hU^«^(D*J^ZpCC*JWS7caiffi7CX<D 

eLr^r . 013 (c) «c. p 

= 2 3, R- 2 s ( n = 5 ) <h Utcm&<D*>*S VWi 

[0061] ^r. c©J:^ft*>^i;at»*WB^ 
fe£fTftt\ *>dr^uiRiiaar^©»»«aife»o 

WlBSBOT«fflrft*K on*** 

[0 06 2] Ut, *>rf^ ijmL«NnbftJl»ffl 

[0063]#Jx.«. P = 23, R=2 J (n = 5) £ 

Y= B • (A" 1 • R* ) • R" 1 
= (B • (A" 1 • R l mod 
= B • X • R" 1 mod p 

UiE7Ett»»2 0 l«c<fcfl*>:**ya**T©A©E 

tcx**«). awe. c©xi±sao»i^»B4ffip*A 

»il«>^y«g»2 0 2{t<fc*)Y=B • X • R 
- l mod p „ i'Ufy^Y- B • A" 1 • R mod 

[0069] y »#H8iS2 0 2 tt, fRMtift-COft 

«S»«-Ctt«iW«:iK ( 1 ) ai*«cH*Stifc4i»<0 50 
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= 3£*>rfy y«»«©7cA«c^ft"r4 4. A = 40* 

ir, x = 3fts*£«. ^or, *>:**y«jM«<D7c 

X=3«:«l*»Zp07CX«:jKSaftr*iv x=8## 
ft*. *J^Z P 05ca = 3<Dig7CX*SiH& 

[0064] *fc. p = 23. R=2» <n = 

5) * >3V 'Ji^fiJMigMZ p 

6**>:Jyya»«©4£8CCgBftU Y=4X8X 
R" 1 mod p*p6. Y=1*s**S. Cti€rW^lg 

zpccasaft-rst, «M»4ity= 1 8##* 

& 0 ftfc, K*SZpttSy = 3x6' mod p£ 
#*?>&<t, y= 1 8<tft*K JbB<MS*&-*rrsCt 

[0065] *te. P = 23, R=2 J (n = 

5) ilt, V»»«ffiLM»XZ pQMA 

6±2**>:JyyaJW©8fcl8*cg»U tUfeK 

1 8©i»7c4Lri 6***, Y = 8/18XR*» m 
od P = 8X16XR M mod p*>6 % Y=4# 

try =3**** *. ft*, «A*Zptit«y = 6/ 

2 mod pSr*»54, y=34ft*h ±fS<D*§m 

[0066] ttrrtt. $ntt»ss*>^ y a 
[ o o 6 7 ] ia i cc % *m}<D-mm&mtc&z*:>zf 

2 0 0«. *>dt* yiB7cfmS52 0 1 i^r>^ y« 

#gp2 0 2^(f^r*5 0, *>=f^yjK7EiHF»2 0 i 

«t*>rf-rf y*»»2 0 2 WJUKfUEUT 

vmmai2 o o «ui^ e 

[0068] iMdUBBrtt, *>=f-rf y»*Y« B • 
A' 1 • R mod p^ % 
mod p 

p ) * R' 1 mod p 



30 



[0 07 0] H14«C. y AMES 2 0 2«C*>» 

4«ai*JB©-Wtm-r. ecru. 2»a, BtcMt/ 

A • B • R" 1 mod N**a>*fcOiUraiB 

[007 1 ] V = -N"* mod R (Tftt>%. V • 
N= - 1 mod R«r»/cfV) {X7y?S 
10 1) , T= A • Bft** (Xf^S 1 0 2) . W 
= < (T mod R)-V) mod R**«> (X 
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7-v7'S 10 3), T+W ■ N^TCCfUl (Xf^ 
S 1 04) , T = T/R«r^f*r^> (X?v?S 1 0 
5) . ^Ut, T>N&6tf (Xf^'S106), T 
#>6N£®-f£ (Xf"^S107), C<E>£#K:f#6 

So tcfc, R£2<D^£ifiCt<hfttf. *I&#-fcISfe»*2 
itSCDTfflCD^ 0 tti L-P±&<Dty *) ttJ L/tHSrtSc 

[0 07 2] 01 5«c % *>=f^ y«Mt»2 0 2«cteW 10 

fc&(Dr&£ 0 CCW 2£fcA. B$C*fUT, A-B 
♦ R" 1 mod N£^*£fc<D<tL"Cgll2'f £o £ 

7c, A, B, Nte£tt. SS»bT?*Sl<&4vCC>S*>0± 
Miltf, A= a P _, b^ 1 4-a r . a b r "' + ••• + 
a, b.+ a. fcWWBSra*. S£fcb«:2CD 

"<**£U 0|jU£2' , 2"r*S. b = 

2"Cfc^t>%C* e 

[0073] v 9 =-N 0 " l mod b (-T&fo^ 20 
v 0 • N„ =-1 mod b*riS/crvo ) £*at>, 
^ T=0, i=0clUf^S201). T + 
aiBb 1 £TfcttAl/ (Xf-;^S2 02) , mi = 
t, .v, mod bS*»(Xf?«2 03K T 
fm, Nb f *T(CftA.b Uf^S204) , i£ 
liiUp-r^o X^^S2 0 6-C, (r- 

1 ) &6«Xfy7'S2 0 2CCK£ e X:r*:7*S 
206t, i>(r-l)ft6H*-^t«Wff^ 
S2 0 7K;f2^ T = T/R*Jltrr£ (Xf^S2 
0 7) « ^l/T, T>N^?)tf (^f-^S2 0 8) , 30 
T^^N^r^ (Xf-^S209) e t<D<b£K:S 

6ft5T#a£N£^6A<tB©^>^ yjnirJSsr 

[0 0 7 4] CO^Olo©^ ^S20 
7 0»fitf7CC*5^r. TCDTfiMOL^o * 
0 TlZROmm CC&££fc:&£. 

«»»B2J!HK©TffiOWOHlO^Br**. 

WfcjOTflfrC**. 40 
[0075] JH±<D<fc 5CC<*> rfy UMV92 0 2 tt. 

^9B9i(C<Kntf'e>=f> yi»731*»2 0 1 

«B2 0 OCCihtf. *>=T* yawigre<ott»«r»* 

[0 07 6] 0 2CC, 4XtBSStcHR^>= f ^ Vttff 

C©a!5EIHK«2 0 ltt, IIM^V'J 

i^m^S2 o o cd*>^ uaE5cH«W2 o i <b uxm 50 
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[0077] *j£7ct1-j*SB2 0 1 HE. ^5nffmSI53 0 
1 t&jlffiJE&3 0 2*11*.? fcO. ®7nlt»§P3 0 1 

s vmyfflnm&z o 1 

[007 8] 44feHS»MirB; igjcf+SIX = A" 1 • R* 
mod p = A~ l -2* fl modp^r, 
X = A" a • (2 k • 2 2fl " k ) mod p 
= (A" 1 • 2 k ) • 2 ,n " k mod p 
= (A' 1 • 2 k mod p) • 2 ,B - k mod p 
= C - 2 2n - k mod p 

iSE»Ur. *-J\ SBKAittp (teKLAHtpiEt* 

«c«) * a* fc orMTctt^gp 3 o nc <t o c = a-* • 

2 k mod p£k£3R»&. CCC. k»*L6U:2 

JMC, C©Cikittp*A*fcl/r«7ElfjE»3 
0 2(Cj:0il7cX = C • 2 Jn " k mod p, T&*>£ 
X = A" • R a mod p**»S. 
[0 07 9] ■3**£CflS4CC> aBfcft»»3 0 1 «Cfc 

[0 08 0] CO#IBtt t UUW*. Vl/i?X^ T 
SU^X^©40©^flSSU5/^**fira 

fit, igtM5ti k iV-^OM0jBl/BCM<>^-^ 
■ ^^^iLTfla^S^ftkecttttS*!*. kOffliSp 
O^^Hf-<«Ltt44«, L£l±2LHT"C* 
ftia»<Di&ffll«o (L) ~cfoZ>tcnb. ±fc~ci>m 

(L 2 ) Oj&Itr*-5„ KT, H3*5<fcCfia4© 
[0 08 1 ]*-f, #mfcffip*U^*U(C, p 
X^TtCO. US^X^SCCl, U^X3?kCC0*^n^ 

n^s^s Uf^S40i ) a EUbP. ^St^ib 

[0 082] KB. Xf^S402^^f"^S4 

[0 08 3] ^T. l/^*V3ftS0rtt»*l«. SOil 
092M&%iVZ><D-e* %^v^S 40 3tci-fe (X^v 
^S4 0 2) . 

[0 08 4] U^*U(D«Ttt^f F#0*S*Sfl 

^{xf-;7 , s403)o fcuor*na, 

*U*fiK: 1 t: v YlsV Y b (Xfy 7'S4 1 1 ) % u 
Px^s^Scie^ F'>7Hr (xf^S4 l 

2) . ^^S4 1 0C££-£ e -eur, ^f^*S4 
1 0Ccrk©«l^lii»aU. Xf^^S4 0 2(C|?£o 
[0085] Xf^S403(Ctl/^^UOlTfi 
b-y b&OTKlftltt, P^X^V(DST(±f 9 h^0 
^S^W^-TS (Xf^7 , S404), ^uo-c*n 
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13), l^X£T£MC 1 Y^V hl/T (Xf^ 
7*S4 1 4) , «>^S4 1 0tCt&. ^l/T, 
y^S4 1 0CC"Ck©ffl* liSJPU X^7^S402 

[0086] Xf^S4 0 3(CtU^^U^tT{i 
tfyh**0t?ft< % X^*:/S 4 0 4lCTl'^;V£V<D 
^Tfitr ^ h # 0 T?&Wtl«, Ut^X £ U <t V(D*/Wh 
KtfTft^ Uf^S405) . 

[0087] fcUU>Vtt6«. U^^UHU^ 
^VtDrtS^I^ Uf^S4 1 5) % l^*£U£ 10 
;£CC lhT^M-'^hL/ Uf7 7'S4 16), VV>XZ 
Tl£.lsisXZS<Dp¥&*mn\s (Xf^*S4 17), 
U^X£S£;£CC1 hf* h*/T7 h-T^ (^-f-^^S4 1 
8) o -ei/T, Xfy^S4 1 0CCTk<£ffi£ 1 *f JJP 
U TsTvrfS 4 0 2&cR& 0 

[0088] felX7-^*S4 0 5OiS, U<V&1, 
<i*U = V0Di§£te, Ut?*£V;fr£U^:x£U(DF*3§ 
5:51* (Xf^S406), U^X *V 1 tr? 
h^H (Xf7^S407) , U^X^SfclU^X 
^T©rtS**D^^ U^?^4 0 8) , l^X*T£ 20 

r, xt^s4 l okiTk<D{Ei£ifffiau zrv? 

S4 0 2CCR*, 

[0 08 9] «±©^^-^**0 ill/, Xf-^S40 
2(cru^*V#OCCft:ofc»^ Xt-7^S4 1 9 

*<Dtc#). X^77*S42 3T'X-7-j£S£LTj&7-r 30 

[0090]X7-t«ct^ t&t)S^f7^S4 
l 9Ctri/^x*UQrt§#n x^y-fs 

4 2 0rT<hp(D^:/hJ:h«^f^C\ feL/T^ptLbr 
*>*l#, T*>e>p£3l£ Uf?^S42 1) , T#p 

2rp*6T©^*5l^^**TCCtSWUr«!ffl«:. 

[009 1 ] «±CDteffltC J: *3 , TCDrt^C^A" 1 ■ 2 
k m o d p ©W**»^ttSft*. 40 
[0092]:XiC, C<DT = A" 1 • 2 k mod p t 
k<Dffl*iS?7n»iE8B3 0 2K:A*bt:, ViSTC 

[ 0 0 9 3 ] M 5 &c, jM5EJ#IEa33 o 2<Dtum^m<D- 

[0094] R = 2 n -C£>&<fcC3<Dn£2fgb 

fc<B£Lfc:G, i £0lct3:>£TS Uf 

7^S501). 

[0 09 5] ycic, Jl,-^cD^t)JIUIglUcil/rL-k 
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[0096]ttPl Ts^rv-fS 5 0 3^Xf^7*S5 

To 

[0 09 7] Tfrb^, Xf-;7*S503ti £m£tb 

v hfe^ h*T& (X^v^S 504). Tip 

«_hr»*xKT*6pS5K (Xt^^SS 0 6) . 
Lt, Xf-;7 , S5 0 7CCT i (PfilS: 1 *fJJD b , Xf 7 
^S5 0 3CCM^>o 

[0098] *7**:7*S5 0 3t? i =mOJi^{i, JL 

T<DtiUfi*2sdTji yjKTcfiTC&S. ftft(C k XTv-JS 
5 0 8riB7^liT«ffi*l/r«Hl*«?7-r*. 
[009 9] fel±Cc^0/cS3, 04, H5©*J(S»U 

[0100] £TFe«, *#W*flB^T, *HS6JgSS<D 

=w uxTEHffff) 2 0 1 

[0101] CCTii, — «tl/t t &<Dffip = 2 3, 
R=2 5 (n = 5) <tU/t<L#CC, *>rf;MJfiiS«r 

[0 1 0 2] 06 (a) , (b) tc«\ aiTciwapao 
iccfetfs. uus***. vu^xs, Ti/^x^ % s 
u^*<D*n*nortS*2ji«[r«i>/cffi (fcfc: 

To 

[0 10 3] 06 (c) ec» % i£7cffiiESP3 0 2 

CCfct^-S, Tb^X3?(D^5:2ii^rau/c{i (/eft 

u ±{*MtT7 ho 0 ommz^mijX%> s ) o^s 
[0104] ^1+^3 0 1 t&bivc. smMt 

i!tflCD*S^, Ul/^^=p= 10 111, VU^X? 
= A= 1 0 0 1 1 , Tl/2/^* = 0, 1 , 

[0105] lBio^^rtt. u>v*6xf-^ 

S405tcrYe s <b^c»), Xr-^'S4 1 5-S4 1 
8±S4 1 0**S»t3*i*. C©IS». Ul/2>Xji=0 
0010. VI/ * = 1 00 1 1, TU5/X^= 1, 

su^x^= 10, k= 1 is:*, 

[0 106] 2@a<D^-^'C«, L SB (U) =0* 
?>X7'>^ , S4 0 3JCtYes<!:&0, Xf^S4 1 
1 <bS4 1 2iS4 1 0#38ffS*l*. CCDiSS:, UU 

yxjr=ooooi, vb^xa?= 1 00 1 1, Tuy 

X*=10, S lsi?XZ= 10 0, k = 2i^ fl 
[0 107] 3@BOJl/-^ , 'C», U<V*6Xfv^ 
S405tC-CNo<btcO, Xr^ , S406-S409 
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<bS4 10^tf^h^ C<D&m. Ul/^^ = 00 
001, VU^X£=01001, Tl/^^=10, 
SU^X^=10 1, k=3£&£. 

7@B©-rt/-^fl^Wif^ Ul/^^=0000 1 v V 
^5?=00000 4 Tb^^= 1 0 0000, s 
t^X£ = 10111, k = 74ttO l VU^X£=0 

0 0 00 <bfco/t(Dr, fflffirt/- 4. 
[0109]»C, U=lt*^W7--^S4 19 

tCTyes^ftO, T>pt'*^Wf *^S42 0 10 
&cYes<hft*), Xt-^S4 2 lltTT = 

T-P=100000-101 1 l = 100Uft0, 
«gHCX^*:/S4 2 2«:-CT=p-T = 10 111- 
10 0 1 = 1110 <hfc£o 

[0 1 1 Olftot, *7clttMe3 0 l<DW*tt. T = 

1 1 10 (=101»«Itl4) , k=7<tfe^>o 
[0111] :XCC, aS7C»jE«3 02«Cte^r. fiffiStR 

8S<fcLT\ T= 1 1 1 0, i =0. m=3GCi35££ft£ 

(i tmCD«»l og&rcftT) . 

[0 112] iBI©^-^tB. TU^x^*>7 20 
hS*iTT = 1 HOOiftO, ^S50 5t'Y. 
e s LtSLZ>tc1bX?vZfS 5 0 6«CCT = 1 0 1 &«c 
9, -eUT i = 1 

[0 113] 2HB©^-^T«» TU^X^^>7 
hShtT=10 104fe»3, Xfv7'S 5 0 5*CN o 
<t^c-S^^^^^S5 0 6«»T^n-r. i = 2<tfc 

[0 114] 3IIIS©JU--:/r«: k TU^X*^^:? 
h$ntT=101004^9, Xf^S5 0 5t?N 
ot«t&fca>^f'?rrfS5 0 6ttjeffSh'r. i=3= 30 

[0 115] C©*&*. ffl*T= 10 10 0=1 OStt 
^3Sr2 0i&4. 

[0116] CCIXfcS&tOT, j£CDfflp = 2 3, R= 2 
5 (n = 5) £Ufc£*tC*W&> *>=fjrf'jaiSt«r 
<DtcA= 1 9©^X = 2 0£?#&C<h#T££o 

[0 117] frfc, *>=f^U8IJP«r©7Cl9t2 0 

tc^n^ti^jsr^. *i**zprfcft**i65fc. 2 

OilBKft*. »l&*Zpr<Z>7c2 0©ar 

5c<tbr, 1 5 3&s»64i3feCiCCteS. 40 

[0118] «tcb, w»Lfcaa7etw»3 o 1 ^as 

[0 1 1 9] H7*J<fcCfH8«ca!5at»«3 0 1 

D s 04©#iH(Ctel^r^^^^'S4O 34^f^S4 

<D#JI@r^^X^^yS4 1 1 fciW7-7 7 , S4 1 

2. Xf^S4 1 3te£VArv7S4 1 4T'l fcf* 50 



mmW- 10-269060 
20 

v Yfrho*m^m?zmisit\*-mcmkvv b<o 

[0 12 0] £TF, H7*j<fcDfH8<0*IH*«ntilo 

[0121] sr, A^cbi/T-^xen/cffip^u^^ 

*UK, p«TOiE^^A^U^^VCciS^rSo 

U^.X*TCt0, Ui/**SK:i % - lsi?**k(C 
O^^n^n^T^ Uf-;7*S601) o 
[0 12 2}&Pf, ^v7*S6 02WXf^S6 

£r) , IMS*. 

[0 123] ^"rv^SS 0 2tU^^V^0t-W 
2*3*, U^X£UCD^Tftt^ bfrh<D "0" CD 
iSg£#-}>h LTC<E>fiI£w£-f£ Uf-;7'S6 0 

3) o ^CtCw^O^S^ftflSl/ Uf-^S60 

4) , €>uor&tffttf, u^x#u£wfcf* h/ct^ 
>^ bL (xtv^ss i 3) , u^**s£we* h 

IcW&Zsy bL (Xf ^7*S6 1 4) , )\,-zfUH"2 
KCCw^rSnx (Xf^S615), Xf ^S602 

[0 124] Xf77 , S604tw^0^C^H U^X 

^3^**ISU (Xf^S60 6) , feUOttttftl 
tf, l/^X^V4w^9 h/cW^ H (Xf y^S 
6 16), U^n^wlf-; l-ftittas/:* hL, (Xf 
^S6 1 7) , )V-7'JjO>2KltwZmZ- (*7~v 
7*S618) t Xf^S6 0 2^^ 
[0 125]Xf^S606rw^0?c6H U^X 
^UiVO^/Mte^U (Xf77'S607) % fcl/U 

(Xf^S6 19) , WZZVttlC 1 fc^ bis? 
bL (Xf-/7 P S620) % US*X5r*nci/^X*S<D 
l*3§*Jn»lr (Xf^S62 1 ) , U^X#S£2E{C 
1 fc^ (Xf-^ys 6 2 2), >\,-*7il+» 

£KCei£JllA (X*r*:/S62 3) , Xf >7'S60 
2^£-&<, 

[0 12 6] fcLXf^*S60 7(DiS5L U<Vt>U 
<«U = V<D*#^&, u^x^v^u^x^uortg 
(X-5r*:/S6 08) , Ui^£V£:&fc: 1 

(Xt^^'S609) , b^X^SCCU^X 
^T<D^g?rtfaSL (Xf^S6 1 0) , US^X£T 
SrECCl bisy bL (Xf-;7*S8 11), 
#->>*KCCl SrteJx. (Xf-;7*S623) , Xfy7 
S602-si^ o 

[0 i 2 7] ti±o;u-r7*^oilb, xf^seo 



(12) 



21 



(Xf^*S624), l^*#U©f*3SkJ:A27A£a 

p©«fcfc&iR««c&s©r, uuanr&ttfttfx^ 

[0 1 28] :/S 6 

ip©*/J\tfc«*L Ufv^S625) % feUT*Sp 
&LkX?$>*Ltt. T*6p*9I* (^f-^S62 6) , 
T*ip«T©K»CctcS J: ^ic-T So *lt, ^f^ 10 
S627-Cp*6 T ©f*jg*3 I (r ***** T CCtttt L X 

CO 12 9]«±Ojaffl«:J:0. TO^UtA- 1 - 
2 k mod p#8t»S*i*. 
[0130] Jfclc, S£7tffiiEg&3 0 2 ©&a©Sfcft©B'J 

[0131] co^m^mbdcfikLtcum^mtmMm 

£!Uig£^£<fc5&t&&U/c&©r'&£ a c©J:5fc:, 

[0132] fills 09,010 ©WH£»ti*iI-*"C 
[0 133] £?\ R=2 n -e&££CS©n£2{gb 

fcffl*Lccu % - fr-vuozs* i *o(cs^-rs 

^yS70 1) . 

[ 0 1 3 4 ] ^-^©S^iEl/H!^ ItL-k 

©*!*#«>. m(C|K£'r& Uf^S702). 30 
[0135]«B. ^7-*^S7 03^X7*t;7'S7 
lOO^S*. il/-^*r^>> i#m«:tt**"C*IIOjR 
To 

[0 13 6] Xf7^S703ti £m&lt&U i 

X©231«i^tei«rK:»±ttfcr» h*>60 "0" ©3 
S**9>+L>rG©fB*w&T* (^f 7^S70 
4) o 

[0 13 71&CC. w36*0*£9*=i**Beb (^^^ 
S7 05), fcl/0&WJl/^*T41^7hK»S 40 

h"TS (X^^^S7 12). C©*SJ&, T©i®5^ 
piD^<tt50W9^S7 1 3rus?**T*p 
6p©iB*«-r^o -eUT, i *ti£fln 

x. (Xf^7*S7 14), Xf-^S703^. * 

Y= B • A" 1 • R mod p 
= B • (A- 1 2* ) 2"" • (R 
= B • (A" 1 2" mod p 
= (B • C • R" 1 mod p 
= D • 2 in ' K mod p 
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U C©ffi£m©*/Nttt*tT 5 Ut-^S70 
6) o *>L i + w>m&65£, w£m- i £ L (X^* 
^S715) , U^*£T*wtT* hTS 

Uf7^S7 1 6) . ;H^'»J'Bmt'r4 (* 
f-^S717), CCWf-^S7 16©£^ 
h©jfe*»iiJ'rp<fc»3fe/h3C>fc8&. tilEtt^t?* 
0, Xf^S 7 0 3^<b^o 

[0138] Xf-^S706ti +w<mib<tti 
+ w = m©S^CC«, U2/**T*wtf* h/£»2c^7 

h"TS Uf^S707). C©jfe*. T©ttttpJ: 

£p©*/Mfctfc*m»* T3Wpfel±©»^»T*&p© 

[0 1 3 9] «±©;l/-:7*SIDiEU Xt-^*S70 
3ri=mCCfto/c^, «fflt;U-^Srtfi»4. C©;l> 
-^*!S^/c^r©T©fil^^:>rf^ yiB5cffir* 

0, c©fii£fcti#LT (^t7ys7ii), 
[0 14 0] £LBc^Uft:07 £08, 09 £010© 

So 

[0 14-l]tt*5» 02©^>^yj£^if-Ji^g^0 
l ©*>dr^ y ^sgM>3V yayctfffgBtcteti 
3^1+^3 0 1 <bLt«, 03 £04, 07&J: 
OTa8©t*m**, £tc i£7C*SlESB3 0 2 £ LT 
tt, 05, 09 £01 0©l>Tft#>£, ^ti-etiffi^CC 

[0 142] £csr\ #*>.=fyygftiMS»*. 01 

016&C, ^aBBBCcas^V^yiKfltSSK©^* 
«RS©ffi©««:S%r. 

[0 143] 02CcW^l//cJ:^cc^>nV yjK7ESW 
MCBK. -0»£UT, i£5ctt-#SP3 0 1 £i£5cffiIEg|5 
3 0 2(C»*t*4#, H16W C©«7t*|-*»3 
0 1 yjR)HP2 0 2 ©MSiC, S/e, i£7cfi 

iESP3 0 2««>=f^ y*JH*2 0 2©»R«CEIBU"te 
«teJ8tttoTt»*. Ctitt. ^7n«-#SP3 0 l©tttfjC 
(C»L"C«. aSc»iE«3 0 2©SIIM>. ^^VVi 
#»2 0 2©«*feftCC*»"C*SC4*6. ^©W? 

cc^-rsoimtt^fiTSc£«cs^i>r^So en* 
lfcRr«3a-r s £«t©£ 5 teas. 

[0144] 



1 R 2 ) mod p 
) • R- 1 (R J ■ 2-') 
) • 2 2n "' mod p 



mod p 



C13) 
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$>6Y= B (A" 1 ) R mod p£2»&J{Cif-»-r-5 

c <t -c* 9 . -e<Dfc»?c^ > =f * y M7tit#ilg©^ 

[0145] «±©£ ^c^^J^fcititf. *f Rfl 

igoigomsfcfWfc^a. tgKt>^ vaunt* 
2t^s^©*>3Vyi3!7ctt»fcJ;^*>^ 

y BfcStt^tefi l^X 2©ftM»<fc VvY-fW <DfrX 
-C4j^^<HIS-Clf5. 20 

[0146] jktcb. ;«bw&»c«s*>=*v >jm 
[ o 1 4 7 ] s 1 1 ic: ^•m7tn^mm.<o-mm^ 

a s> £0-C7jV3\ 

[0 1 4 8 ] *j£7cft@^S5*. ^tefiU^XfU (8 
0 1). ^fffc6U^X*V (8 02) . ^{g^l^X* 
S (80 3). £-{ggU^**T (8 04) -tfr-7*> 

y>$trj:zmwm.<D\si;x$K (sos) . mn^t 

VCUmMS8 0 6 <k b* h'>:7 £ 8 0 7 . *n&ffg8 30 
0 6 ©ffl2j£*SIBW ££{&£© $808iKvF 
->7£8 0 7©m#£t$Sfl-r-S2MSfi©l-'S'X* 8 0 

9. -eu-c^©s6fp=i:*ijaj-r^,$«jffligi5 (la^-e-r) * 
u^x*©#gbr* hoo/iW^uy**©*?^ 

#© 0 ©i£fi©t£3£fc £ '«^t 5 . 
[0 14 9] @2ec*jWijM7cH-^gP3 0 1«. C©$ 
^S**ia3feJ:^4 > feb< Ct07:teJ:tf08(cSE 40 

2CC*JW^,M7C?iiEg|53 0 2{i. gp^WSUy 
X* (WttfUU^X*) CCSSb. 05&U<«09 

fc± oia i o tcfae ^ t&fl?*fT 5 «fc ^ ecww-r 4 c t tc £ 

[0150] fcfc. «±©^«tg«. V7h-)*7iL 

[o i 5 i ] *fc. ^m&mmt, =»v*-t>K.mie. 

©¥*&*fTi* #&/<:«&© (*^C^*3>f»-^*0T 
^©^f5ib-C«tg^ti.5/cfe©. S>St»«=i>b'*- 50 
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£«CB«E©«lrfe&*^3tt&/cj«>©) ^D^A^tasa 

CtbXSZ. 

[0152] ±a!L/cl|]56©^«CPSSSn 
St>©-c«i&< 1 ^©ftffiiftffiH«cfc><,>-cii<?^i/-t 

[0 15 3] 

[^©5%*] *^W«:J;*T,«. *>rJ^ USffiUSro 
j^TuftSi^ff^tf^-Cl^lEiS^^tS©^. *>=M 

[0 15 4] gfc. *^«cj:ntf. «>=fyyao|tiA 
©***>=»Vyi£7clt#*^«:e.Ci*i-C#. 
y yg|»JSi7n©PJ^<!:©^gi • iS^S©*-^-^- 
v FtffcUfcfe. *>rO< y^HST©jl7cii-^*^ji 

[0155] jfc, ^Bj{cj:n«. y mm 
^<Dift>hxi>-mmtj:mmmm^mttj:i>. $6tc 

[0156] Lfc*^r. Iff RftliBg-st& £'©<*: bim 

[H®©fsm«cK?§] 

[iai ] *^fcm5*>^ y?s#^T©^stn-^ 

[02] *^k:M5*>^ y«at^-c©iE7cit»« 
g©— m&wzfjk-rm 

IB 3 ] H 2 ©jl!7ci+ffg|5-r*©ffiffi#)lB©-W?r^-r ^ 
[ 0 4 ] 0 2 ©ffiTCltSfBP-C©^!!^!!!©-^?:^ 7 
[0 5 ] m 2 ©j£x:ffliEg|5-C©toil^W©— 7 

1 0 6 ] m 2 © ®7cH-»^g© Uttrnteffl* ffl&mw? 
sfc»©s 

[0 7 ] m 2 ©jS?7cit#Sp-C©Ma^)l«©f6©CT?r^-r 

[ m 8 ] m 2 ©jgTCittP-SB-eotoffl^ffi©^©^^ 

[09] 02©a»5ctiiEgB-C©^a¥JB©ffe©e»J ; S:^ 
[010] 02 ©®7cffliESI5-C©^S#ll»©flfe©m^ 



25 

[Bin **?86c«a*>rf y vmn^<Dm.7cnm 

[014] HKo*>^ y^ficw-cojfflffl©— 
[015] Hl©t>^ y*#Wr<^ffl©teG>W* 
[016] *»9J«:«S*>=ry uatlWroiMttl-ff 

[01 ] 

p 
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2 0 0- -*>=fy ijlWIi 

2 0 1 yiK7EW«S6« <^>rfy V2?7cit» 
g|5) 

3 0 1 -il!53HIE« 
3 0 2-i»7C«iESB 

80 1. 8 02. 803, 80 4. 8 05. 80 8. 8 

10 8 0 6"'lHMJF8 
8 0 7 - tf ^ h £ 



X- (A* 1 ) R 2 (modp) 



X BR ' n {mod p) 



202 *>=rjiy*w 
^2oo*>^*'J£3W*» 



[02] 



-b-t 



C - (A* 1 ) 2 K (modp) 



C ' 2 **" K (mod p) 



, 301 asam* 



• 302 357c«iES5 



.201 



Y-B«(A- 1 )-R{modp) 



X- (A 1 ) R 2 *nodp) 



[05] 




S508 



C END ) 



S507 



[010] 



S712 



S713 



T-T-p 



J 



S714 



~T 



(a) 

A 



X 



S715 

]s716 

j 

S717 



(b) 



[01 6] 



| C°(A-i^(mod p) |_ / 301 3££|H» 



JK C, 



D-CBR- 1 (niod 



p) 



1 D . , . 

D*2*"- K (nnod p) p* 



— B 



302 i05£«IES 
L.200 yifclflKH 



Y=B'<A-»)-R{mod p) 
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[03] 



[04] 



( START ) 



U-p.V-A.T-0.S~1.k-0 



S401 




S-T + S 



S406 
S407 
S403 
S409 




(end) 

V ' (a) 



S411 



u-u— V 



k-k+1 



S410 



<b> 

(C) ^ 



(2fg) | |ut^7h (l/2ft) | 



E 



T-T+S 
I 



S415 

S416 

f 

S417 
S418 



S413 
S414 



(d) 



[SIM 
.801 

us;? 



[0 14] 



> — OW 

\ r— S 




I V N " 1 mod R €*»* J""^ 



T-AB 

X 



| W ((T mod R) -V) mod R j 

' r ' 



S101 
S102 
S103 
S104 



T-T + WN 




GD 



(16) 
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IM6] 



17] 





mm 


1191 


20 a 




mm 


U <-p) 


10111 


00010 


00001 


00001 


00001 


V <=A) 


10011 


10011 


icon 


01001 


00100 


T 


0 


1 


1 


10 


100 


S 


1 


10 


100 


101 


111 


k 


0 


1 


2 


3 


4 





5 \m g 


6 [si a 


701 






U (-p> 


00001 


00001 


00001 






V <-A) 


00010 


00001 


00000 






T 


1000 


10000 


100000 




1110 


S 


111 


111 


10111 






k 


s 


6 


7 




7 





T 




1110 


1@B 4->7h 


11100 




101 




1010 




10100 




|w — vg>LSB»few 'o' wag | 




[01 2] 











OJSLt (p-1) WTWSft 


0UI_b <p-D JUT<0*»: 




a-AR" 1 mod p 


A=aR mod p 




ax= 1 mod p 


Ax - R 2 mod p 




a + b mod p 


A + B mod p 




a — b mod p 


A — B mod p 


mm 


ab mod p 


ABR* 1 mod p 




b/a-ba 1 mod p 


B/A-BA 1 R " 1 mod p 
OfcEU A 1 »A<Z>3£5c) 
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[08] 



[09] 



S613 



i Z 



S61S 



S616 
|s€ 



(a) 



® S819 

i x H 

I U "^ V J , 
|ufc*r>7h (1/2te) 



IS620 



S621 



T-T + J 
— j— 



I S622 



> S623 



k-k+1 



i Z 



S618 



(b) 



] 




(c) 



I T .p- T [ -/ 



S6Z7 



(d) 




II 3] 



A-a2 n 


mod p 


ax- 1 


mod p 


AX-2 2n mod p 


p - 23 


(n-5) 


p "23 


(n-5) 


p-23 


(n-5) 


a 


A 




a 


X 




A 




0 


0 














i 


9 




1 


1 




1 


12 


2 


18 




2 


12 




2 


6 


3 


4 




3 


8 




3 


4 


4 


13 




4 


6 




4 


3 


5 


22 




5 


14 




5 


7 


6 


8 




6 


4 




6 


2 


7 


17 




7 


10 




7 


5 


8 


3 




8 


3 




8 


13 


9 


12 




9 


18 




9 


9 


10 


21 




10 


7 




10 


15 


11 


7 




11 


21 




11 


22 


12 


16 




12 


2 




12 


1 


13 


2 




13 


16 




13 


8 


14 


11 




14 


5 




14 


14 


15 


20 




15 


20 




15 


10 


16 


6 




16 


13 




16 


18 


17 


15 




17 


19 




17 


21 


18 


1 




18 


9 




18 


16 


19 


10 




19 


17 




19 


20 


20 


19 




20 


15 




20 


19 


21 


5 




21 


11 




21 


17 


22 


14 




22 


22 




22 


11 



(a) 



(b) 



(c) 
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[015] 



V 0 = — No" 1 mod b &3&ti>* 

7-0 t-r* 
1-0 fc-r* 



S201 




*?ga¥ 10-269060 



C^f a ] ¥*£ 1 1 *f ( 1 0 9 9 ) 1 1M5B 

i&m&n) #ga¥ i 0-2 6 9 0 6 0 

[&HB]«ftl6¥<1 998)-1 0JigB 

immmk) AHftftom 10-2691 
mms^i mmw- 10-14250 
immfflHMmBm 

G06F 7/72 

G09C 1/00 650 

// G06F 17/10 
CF I] 

C06F 7/72 

C09C 1/00 650 A 

C06F 15/31 Z 



CtitBB] ¥/&l Ofl 2>S 1 7B 
[^RMiE 1 ] 
[MuE*t*«B«] 
[tfiiE*teUEB£] M*98 

[»jErtS3 

[»*W6 3 jEflHSWfEN. jEOffiKA C0£A<N. 
AiNBlUKf) {COt,vc, N£2ji*l3it//c<L#© 
K>hS4Lil/T. nfcLttSfiBRntCftlsr. X = 
A" 1 • 2" mod NSc**>=0< 'jag*sSr©2!7G 

tOJHtttt*2»S«K:rU = N. V = A. T=0. S = 
1. k=0£U 

UOiTffitj h#0(t6tt UttWH. S££ 
VO*Tttt» h#0«c6tf, Vtftf'H/. T££ 
UCD^Tfi K » h *U V©&Tft tr 9 h # 1 r. u 

>v«c6«, ufe&v&ttc. u&mfy HU TKS 

^/JO*. S*2tf7hU k^lJtJDTiffiai. 
U©&T& K 7 h # 1 *>oV©STiS tr 7 h ifi 1 -c. u 
SVttfcf*, V*»e>U*«D, V46->7 F L. S(tT 

-a©;l/-y»ffiSr. V>0©W. ISOill/. 

T D T <fc T satjaH*#S £ . 
taXUKflt* i=0iU 

friejS!7ctt»*Sfc«fc , 3*iibe > n/cT4£i'7 h ufc 

T^Nft6liT*>6N%«i;ri T< 
Nfc6tti*l*tto**rt/-:? P *HI*. i<2n-k© 

m. tBosu 

-li 



i =2n-k{cft-7fct€f©T*2»7cXi- s -4i!»7C»iE 

s. 

[¥*NiE2] 

[ffljEtt**B«] 002 5 

[*ME#8c'] 

[MiErtg] 

C 0 0 2 5 ] *SBB (|»*li6 ) B. iE©^&&N. IE 
©g&A (0£A<N. AiN«ai>{C5g) ICOfcvc. 
N?r2ji*^L/)fctlr©t7 hS*Lil/-C, n^L& 
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